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ABSTRACT 

Various pH measurements on silica suspensions have been made. 
The changes in pH of HClINaOH solutions caused by increasing 
amounts of dispersed phase were determined. The differences in 
pH between the suspensions and their supernatants were also 
measured. The reasons fo r  these differences are discussed and 
the most suitable method for pH measurement outlined. 

tNTRODUCTION 

The measurement of the pH of suspensions is not a straight- 
forward matter. Determination of the pH of the continuum before 
dispersion of the solid phase (1) neglects possible adsorptive 
loss of ions onto the solid surface. Direct measurement of the 

suspension (2) can cause error due to the suspension effect, 
although this may be avoided by centrifugation prior to measure- 
ment. The theoretical background to these sources of error 
is well established in the colloid science field but receives less 
attention in pharmaceutical work. Most studies refer but vaguely 

to the method used for pH measurement. 
We have undertaken a brief study of pH measurement in some 

model silica suspensions, namely those of hydrophilic and hydro- 
phobic Aerosil 200. The results should be of interest to the 
industrial pharmacist struggling to formulate suspensions. 
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6 50 LEE ET AL.  

MATERIALS AND METHODS 

The f l ame-hydro lysed  s i l i c a  Aerosil 200 (Degussa)  was used  

as r e c e i v e d .  

b e f o r e  ( 2 ) .  

d o d e c y l d i m e t h y l  s i l i c a  (C12) o f  s u r f a c e  c o v e r a g e  0 .148  and o c t a -  

d e c y l d i m e t h y l  s i l i ca  (C18)  o f  s u r f a c e  c o v e r a g e  0.131 were made. 

Water was d o u b l e  g l a s s - d i s t i l l e d  and  NaOH and HC1 were u s e d  as 

r e c e i v e d  ( F i s h e r  S c i e n t i f i c ) .  

T h r e e  hydrophob ic  s i l i ca s  were p r e p a r e d  as  d e s c r i b e d  

B u t y l d i m e t h y l  s i l i c a  (C3)  o f  s u r f a c e  c o v e r a g e  0 .255 ,  

S o l u t i o n s  o f  pH 1-5 were p r e p a r e d  from HC1 and o f  pH 6-11 

from NaOH. The pH o f  e a c h  s o l u t i o n  (pHb) was measured  unde r  

f i l t e r e d ,  oxygen-f ree  n i t r o g e n  a t  25" u s i n g  a combina t ion  g e l -  

f i l l e d  g l a s s  e l e c t r o d e  (Model E-5M, F i s h e r )  and  a m i c r o p r o c e s s o r  

meter (Model 811, O r i o n  R e s e a r c h ) .  The pH-readings f l u c t u a t e d  

by (0.02 o v e r  10 mins ,  t h e  s t a b i l i s a t i o n  t i m e s  v a r y i n g  f rom 10 

t o  90 mins ,  depend ing  on i o n i c  s t r e n g t h .  S u s p e n s i o n s  were t h e n  

p r e p a r e d  by d i s p e r s i n g  s i l i c a  i n  e a c h  cont inuum u s i n g  a Model B12 

U l t r a s o n i c  C e l l  D i s r u p t o r  (Branson) .  The pH o f  e a c h  s u s p e n s i o n  

was measured (pHs), a f t e r  which  i t  was c e n t r i f u g e d  f o r  30 mins  

a t  30,000rpm b e f o r e  t h e  pH o f  t h e  s u p e r n a t a n t  was d e t e r m i n e d  (pH ). e 
The change  i n  pH o f  t h e  cont inuum c a u s e d  by a d d i t i o n  o f  t h e  s i l i c a  

was t h u s  : 
= pHb - pHe .................... (11, APHb/e  

and  t h e  d i f f e r e n c e  i n  pH between a s u s p e n s i o n  and  i ts  s u p e r n a t a n t  

was : 
= pHs - pHe .................... ( 2 ) .  *PHs/e 

T h r e e  c o n c e n t r a t i o n s  o f  Aerosil 200 were examined (0.1%, 0.5% 

and 2 .5%) ,  and  a s i n g l e  c o n c e n t r a t i o n  o f  e a c h  of t h e  hydrophob ic  

s i l i c a s  ( 2 . 5 % ) .  

RESULTS 

A l l  d a t a  are p r e s e n t e d  as  g r a p h s  o f  ApHsIe o r  ApHble v e r s u s  

w i t h  a minimum a t  
PHe . 
from n e g a t i v e  t o  p o s i t i v e  w i t h  i n c r e a s i n g  pH 

a t  pHe o f  7. T h i s  e f f e c t  is more pronounced w i t h  0.5% and 2.5% 

The ApHsIe v a l u e s  f o r  0.1% A e r o s i l  ( F i g .  l a )  t e n d  t o  change  

e '  
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FIGURE 1 

Aerosil. The ApHble values become positive after pH 
lb), being more or less proportional to Aerosil concentration. 

of 4 (Fig. e 

The ApH values for the hydrophobic silicas are scattered sle 
(Fig. lc), but distinctly smaller than those f o r  Aerosil 200. The 
&Hble values are, however, substantially larger than those for 

Aerosil 200 (Fig. Id), with C12 and C18 being greater than C4. 
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652 LEE ET A L .  

DISCUSSION 

It is clear t h a t  c o n s i d e r a b l e  d i f f e r e n c e s  i n  measured  pH o c c u r  

be tween t h e  o r i g i n a l  c o n t i n u a ,  t h e  c o r r e s p o n d i n g  s u s p e n s i o n s  a n d  

t h e i r  s u p e r n a t a n t s .  One must c o n s i d e r  which  measurement most 

a c c u r a t e l y  reflects t h e  hydrogen  i o n  a c t i v i t y  of t h e  c o n t i n u o u s  

phase .  

ApHs/e is c a u s e d  by t h e  s u s p e n s i o n  e f fec t ,  whereby t h e r e  i s  a 

c o n t a i n i n g  c h a r g e d  d i f f e r e n c e  i n  measured  pH be tween a s u s p e n s i o n  

p a r t i c l e s  a n d  its s u p e r n a t a n t .  T h i s  is n o t  due  t o  d i f f e r i n g  

hydrogen  i o n  c o n c e n t r a t i o n s  ( 3 ) .  

i n  a c o n d u c t i n g  medium i n c r e a s e s  t h e  t r a n s p o r t  number ( n )  o f  

c o u n t e r  - i o n s  and  d e c r e a s e  t h a t  of co - ions .  

p o t e n t i a l  ( E j )  across t h e  sa l t  b r i d g e  of t h e  e l e c t r o d e  is, however ,  

d i r e c t l y  r e l a t e d  t o  n: 

The p r e s e n c e  o f  c h a r g e d  p a r t i c l e s  

The l i q u i d  j u n c t i o n  

I3 
. . . . . . ( 3 ) ,  RT iu E j  = -R_T [ 2 d ( l n  a ) s (n+- n-) - l n -  

z a R  F 
OLM 

where  z is t h e  v a l e n c y  a n d  a t h e  a c t i v i t y  o f  a l l  i o n s  i n  t h e  

r eg ion%-R be tween s a l t  b r i d g e  a n d  b u l k  l i q u i d .  The  s i l i ca  

s u r f a c e  carries a n e g a t i v e  c h a r g e  a t  pHs a2.5, with  p o s i t i v e  

c o u n t e r - i o n s  and  n e g a t i v e  c o - i o n s  i n  t h e  s u r r o u n d i n g  cont inuum.  

Thus  n+ w i l l  be  g r e a t e r  and  n- smaller i n  a s i l i c a  s u s p e n s i o n  t h a n  

i n  its s u p e r n a t a n t ,  a n d ,  as  shown by Eq. 3 ,  t h e  E j  o f  t h e  suspen-  

s i o n  w i l l  be h i g h e r .  T h i s  r e s u l t s  i n  a l o w e r  measured  pH f o r  t h e  

s u s p e n s i o n ,  making ApH s le  n e g a t i v e ,  as s e e n  p r e d o m i n a n t l y i n F i g .  l a .  
The  s u s p e n s i o n  e f f ec t  a t  small s u r f a c e  c h a r g e s  ( § o )  c a n  be  

r e l a t e d  q u a l i t a t i v e l y  t o  t h e  s o l i d  volume f r a c t i o n  ( d ) ,  p a r t i c l e  

r a d i u s  ( r )  and  t h e  Debye-Hiickle p a r a m e t e r  (K) (4 ) :  

68.L . . . . . . . . . . . . . ( 4 ) .  
A pH = 1-8 K r  

Hence ApH 

o r  w i t h  i n c r e a s i n g  pH . 
s u r f a c e  c h a r g e  on  s i l i c a  a t  pHs a2 .5  ( 5 ) .  

a t  pHe p 6.5 o c c u r s  d e s p i t e  c o n t i n u e d  i n c r e a s i n g  s u r f a c e  c h a r g e ,  

and  is presumably  r e l a t e d  t o  t h e  i n c r e a s i n g  i o n i c  s t r e n g t h .  The  

i n c r e a s e s  w i t h  i n c r e a s i n g  s i l i c a  c o n c e n t r a t i o n  s /e 
The l a t t e r  is due  t o  t h e  i n c r e a s i n g  e 

The s u b s e q u e n t  d e c r e a s e  
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65 3 FLAME-HYDROLYSED SILICA SUSPENSIONS 

small  ApH 

poor  d i s p e r s i o n  i n  water ( 2 ) .  

v a l u e s  f o r  t h e  hydrophob ic  s i l i c a s  may be due  t o  t h e i r  
s /e 

A P H ~ , ~  is a d i r e c t  measure  of t h e  change  i n  hydrogen  i o n  a c t i v -  

i t y  o f  t h e  cont inuum o c c a s i o n e d  by a d d i t i o n  o f  t h e  s o l i d  phase .  

I n  g e n e r a l  a d e c r e a s e  i n  pH o c c u r e d  ( i .e . ,  ApHble is p o s i t i v e ) ,  

becoming l a r g e r  w i t h  i n c r e a s i n g  pH . 
of  OH- from t h e  cont inuum by a d s o r p t i o n  o n t o  t h e  s i l i c a  s u r f a c e ,  

which o c c u r s  i n  i n c r e a s i n g  amounts  as t h e  pH i n c r e a s e s  ( 5 ) .  The 

h i g h  bpHbIe v a l u e s  f o r  t h e  hydrophob ic  s i l i c a s  are most l i k e l y  

due  t o  t h e  h y d r o l y s i s  o f  p h y s i c a l l y - a d s o r b e d  c h l o r o s i l a n e  m o l e c u l e s  

on t h e  s i l i c a  s u r f a c e .  T h i s  releases H C 1 ,  t h u s  r e d u c i n g  t h e  pH. 

These  r e s u l t s  c o n f i r m  t h a t  pHe is t h e  most r e l i a b l e  measure  

T h i s  is c e r t a i n l y  due  to l o s s  e 

of t h e  hydrogen  i o n  a c t i v i t y  o f  a s u s p e n s i o n .  I n d e e d ,  i t  is 

j u s t  t h i s  pH which  i n f l u e n c e s  s u r f a c e  c h a r g e  a n d ,  i n  some cases, 

s u s p e n s i o n  s t a b i l i t y .  

w i l l  depend on t he  n a t u r e  o f  t h e  s o l i d  p h a s e ,  i n e x a c t  pH measure- 

men t s  must be  e x p e c t e d .  

a l o n e  w i l l  c e r t a i n l y  be  i n f l u e n c e d  by any  b u f f e r  i o n s  p r e s e n t .  

A l though  error due  t o  t h e  s u s p e n s i o n  e f f e c t  

E r r o r  due  t o  measurement o f  t h e  con t inuum 
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